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MANUFACTURING METHOD OF
OPTO-ELECTRIC HYBRID BOARD

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/055,507, filed May 23, 2008, which 1s
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a manufacturing method of
an opto-electric hybrid board including an optical waveguide
and an electric circuit mounted with an optical element.

2. Description of the Related Art

Conventionally, an opto-electric hybrid board 1s produced
by separately preparing an electric circuit board and an opti-
cal waveguide and then bonding the electric circuit board and
the optical waveguide to each other with an adhesive. As
shown 1n FIG. 6, the opto-electric hybrid board includes, for
example, an electric circuit board 81 including a multi-level
clectric circuit 83, and an optical waveguide 80 including an
under-cladding layer 86, a core 87 and an over-cladding layer
88 and bonded onto the electric circuit board 81 with an
adhesive 82. A light emitting element 11 and a light receiving
clement 12 are mounted on mount pads provided on the
clectric circuit board 81 (as parts of the electric circuit 83) by
a tlip-chip mounting method (see, for example, Japanese
Patent Application Laid-Open No. 2000-199827). In the
opto-electric hybrid board shown 1n FIG. 6, the light emitting
clement 11 and the light receiving element 12 are respectively
positioned at opposite end portions of the optical waveguide
80 on the front side. The opposite end portions of the optical
waveguide 80 each have a tilt surface tilted at 45 degrees with
respect to the optical axis. A portion of the core 87 present in
the t1lt surface serves as a light path deflection mirror 87a. In
FIG. 6, a reference character 11a denotes electrodes (bumps)
of the light emitting element 11, and a reference character 12a
denotes electrodes (bumps) of the light recetving element 12.

In the opto-electric hybrid board, a light beam L 1s trans-
mitted in the following manner. First, the light beam L 1s
emitted downward from the light emitting element 11. The
light beam L passes through the over-cladding layer 88 at one
of the opposite end portions (at a left end portion in FIG. 6) of
the optical waveguide 80 to be inputted into one of opposite
ends of the core 87. Then, the light beam L 1s reflected
(deflected 90 degrees) on the light path deflection mirror 87a
atthe one end of the core 87, and travels axially of the core 87.
The light beam L 1s transmitted through the core 87 to reach
the other end (a right end 1n FIG. 6) of the core 87. Subse-
quently, the light beam L 1s reflected upward (deflected 90
degrees) on the light path deflection mirror 87a at the other
end, and passes through the over-cladding layer 88 to be
outputted and received by the light recerving element 12.

In practice, when the electric circuit board 81 and the
optical waveguide 80 are bonded to each other with the adhe-
stve 82 1n the production of the opto-electric hybrid board of
Japanese Patent Application Laid-Open No. 2000-199827,
the electrical circuit board 81 and the optical waveguide 80
are slightly offset from each other due to the fluidity of the
adhesive 82 by a pressure applied thereto for the bonding.
Therefore, even 11 the light emitting element 11 and the light
receiving element 12 are accurately mounted on the electric
circuit board 81 by detecting the mount pads of the electric
circuit board 81, the light emitting element 11 and the light
receiving element 12 are positioned with respect to the light
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path deflection mirrors 87a at the opposite ends of the core 87
of the optical waveguide 80 with a reduced alignment (posi-

tioning) accuracy because of the ofiset of the electric circuit
board 81. In this state, the light beam L 1s transmitted with the
optical axes of the light emitting element 11 and the light
receiving element 12 being misaligned with the light path
deflection mirrors 87a at the opposite ends of the core 87, so
that a light coupling loss 1s increased.

In view of the foregoing, it 1s an object of the present
invention to provide an opto-electric hybrid board manutac-
turing method which improves the alignment accuracy of an
optical element with respectto a core of an optical waveguide.

To achieve the object described above, the mventive opto-
clectric hybrid board manufacturing method includes the
steps of: preparing an electric circuit board; fabricating an
optical waveguide by forming an optical waveguide forma-
tion photosensitive resin layer on a surface opposite from a
circuit formation surface of the electric circuit board and
patterning a core formation region of the photosensitive resin
layer by a photolithography method to form a core having a
predetermined pattern; mounting an optical element on a part
ol the circuit formation surface of the electric circuit board 1n
association with an end of the optical waveguide; forming a
reflection portion on an end portion of the core located at the
end of the optical waveguide, the reflection portion serving to
reflect a light beam to permit light transmission between the
core and the optical element; and forming a passage 1n the
clectric circuit board for the light transmission between the
core and the optical element; wherein a photosensitive resin
layer including an alignment mark formation region in addi-
tion to the core formation region 1s used as the photosensitive
resin layer, and the alignment mark formation region 1s pat-
terned by the photolithography method to form an alignment
mark having a predetermined pattern stmultaneously with the
formation of the core 1n the optical waveguide fabricating
step; wherein the optical element 1s mounted at a predeter-
mined position with reference to the alignment mark in the
optical element mounting step.

In the inventive opto-electric hybrid board manufacturing,
method, the photosensitive resin layer having the core forma-
tion region and the alignment mark formation region 1s
formed on the surface opposite from the circuit formation
surface of the electric circuit board, and the photosensitive
resin layer 1s patterned once by the photolithography method
to stmultaneously form the core and the optical element posi-
tioning alignment mark. Thus, the optical waveguide 1s fab-
ricated from the photosensitive resin layer. Therefore, there 1s
no need to use an adhesive for bonding the optical waveguide
to the electric circuit board, thereby eliminating the drawback
associated with the offset which may otherwise occur when
the adhesive 1s used. At the same time, the core can be posi-
tioned 1n predetermined positional relation with respect to the
alignment mark. Since the mounting of the optical element 1s
achieved with reference to the alignment mark 1n the present
invention, 1t 1s possible to mount the optical element in proper
positional relation with respect to the core of the optical
waveguide. As a result, the light coupling loss occurring
between the optical element and the light reflection portion at
the end of the core can be minimized on the opto-electric

hybrid board thus produced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view schematically illustrating an
opto-electric hybrid board produced by an opto-electric
hybrid board manufacturing method according to a first
embodiment of the present invention.
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FIGS. 2(a) to 2(c) are explanatory diagrams schematically
showing an electric circuit board producing step in the opto-
clectric hybrid board manufacturing method according to the
first embodiment of the present invention.

FIGS. 3(a) to 3(d) are explanatory diagrams schematically
showing an optical waveguide fabricating step subsequent to
the electric circuit board producing step.

FIG. 4 1s an explanatory diagram schematically showing a
light reflection portion forming step subsequent to the optical
waveguide fabricating step.

FI1G. 5 1s an explanatory diagram schematically showing an
opto-electric hybrid board manufacturing method according
to a second embodiment of the present invention.

FIG. 6 1s an explanatory diagram schematically showing a
prior-art opto-electric hybrid board.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will hereinafter be
described 1n detail with reference to the attached drawings.

FIG. 1 illustrates an opto-electric hybrid board produced
by an opto-electric hybrid board manufacturing method
according to a first embodiment of the present invention. The
opto-electric hybrid board includes an electric circuit board E
having an electric circuit 3, and an optical waveguide W
provided on a surface (front surface) of the electric circuit
board E opposite from an electric circuit formation surface
(back surface) on which the electric circuit 3 1s provided. A
light emitting element 11 and a light receiving element 12 are
respectively provided on parts of the electric circuit formation
surtace of the electric circuit board E 1n association with
opposite ends of the optical waveguide W. The electric circuit

board E 1s configured such that the electric circuit 3 is pro-
vided on a back surface of a stainless steel substrate 1 with the
intervention of an insulation film 2. The electric circuit 3
includes mount pads 3a on which the light emitting element
11 and the light receiving element 12 are mounted. On the
other hand, the optical waveguide W includes an under-clad-
ding layer 6 provided on the front surface of the electric
circuit board E, a core 7 formed by forming a photosensitive
resin layer on the under-cladding layer 6 and processing the
photosensitive resin layer, and an over-cladding layer pro-
vided over the core 7. As shown, right and left end portions of
the optical waveguide w respectively have tilt surfaces tilted
at 45 degrees with respect to the stainless steel substrate 1.
End portions of the core 7 present in the tilt surfaces each
serve as a light reflection portion 7a. Triple-layered structures
X each composed of the same matenals as the optical
waveguide W are respectively provided on right and lett sides
of the optical waveguide W. Intermediate layers of the layered
structures X are composed of the same material as the core 7,
and each serve as an alignment mark A. The stainless steel
substrate 1 has through-holes 5 provided in portions thereof
located below the light reflection portions 7a at the opposite
ends of the core 7 for light transmission between the core and
the light emitting element 11 and between the core and the
light recerving element 12. Further, the stainless steel sub-
strate 1 has through-holes 4 provided in portions thereof
located below the alignment marks A for visual detection of
the alignment marks A from the back side thereof. The light
emitting element 11 1s mounted on one of the mount pads 3a
below one of the light retlection portions 7a provided at one
of the opposite ends (a leit end 1n FIG. 1) of the core 7, while
the light recerving element 12 1s mounted on the other mount
pad 3a below the other light reflection portion 7a provided at

the other end (a right end 1n FIG. 1) of the core 7.
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The light reflection portions 7a at the opposite ends of the
core 7 retlect a light beam L for light transmission between
the core 7 and the light emitting element 11 and between the
core 7 and the light receiving element 12. In the opto-electric
hybrid board, the light emitting element 11 1s an optical
clement that emits the light beam L toward the light reflection
portion 7a at the one end of the core 7. The light beam L
emitted from the light emitting element 11 passes through the
corresponding light transmission through-hole 5 of the stain-
less steel substrate 1 and then through the under-cladding
layer 4 at the one end of the optical waveguide W, and 1s
inputted into the one end portion of the core 7. In turn, the
light beam L 1s retlected on the light reflection portion 7a at
the one end of the core 7, and travels axially of the core 7.
Then, the light beam L 1s transmitted through the core 7 to
reach the light reflection portion 7a at the other end of the core
7. Subsequently, the light beam L 1s retlected downward on
the light reflection portion 7a at the other end, and passes
through the under-cladding layer 6 to be outputted. The out-
putted light beam L passes through the corresponding light
transmission through-hole 5 of the stainless steel substrate 1,
and then recerved by the light recerving element 12.

The opto-electric hybrid board according to this embodi-
ment 1s produced through the following steps (1) to (4):

(1) The step of producing the electric circuit board E by
forming the electric circuit 3 on the back surface of the stain-
less steel substrate 1 (see FIGS. 2(a) to 2(c¢));

(2) The step of fabricating the optical waveguide W on the
front surface of the stainless steel substrate 1 of the electric
circuit board E (see FIGS. 3(a) to 3(d));

(3) The step of forming the light retlection portions 7a at the
opposite ends of the core 7 of the optical waveguide W (see
FIG. 4); and

(4) The step of mounting the light emitting element 11 and the
light receiving element 12 on the electric circuit 3 (see FIG.
1).

The electric circuit board producing step (1) will be
described. In this embodiment, the stainless steel substrate 1
(see FIG. 2(a)) 1s first prepared. The stainless steel substrate 1
(see FIG. 2(a)) typically has a thickness of 20 to 200 um.

Then, as shown 1n FIG. 2(a), the msulation layer 2 1s
formed 1n a predetermined pattern on a predetermined portion
of the back surface of the stainless steel substrate 1 by a
photolithography method. The insulation layer 2 1s formed so
as not to cover portions of the stainless steel substrate 1 1n
which the through-holes 4 for the visual detection of the
alignment marks A and the through-holes 5 for the light
transmission are to be formed in the subsequent step (see FIG.
2(c)). The formation of the insulation layer 2 1s achieved in the
following manner. First, a photosensitive resin such as a pho-
tosensitive polyimide resin or a photosensitive epoxy resin 1s
applied on the predetermined portion of the back surface of
the stainless steel substrate 1 (facing up during the formation
of the msulation layer 2) to form a photosensitive resin layer.
Then, the photosensitive resin layer 1s exposed to radiation
via a photomask having an opening pattern contformal to the
pattern of the insulation layer 2. In turn, a development pro-
cess 15 performed with the use of a developing solution,
whereby an unexposed portion of the photosensitive resin
layer 1s dissolved away. A remaining portion of the photosen-
sitive resin layer has the pattern of the insulation layer 2.
Thereatter, the developing solution 1s removed from the
remaining photosensitive resin layer portion by a heat treat-
ment. Thus, the remaining photosensitive resin layer portion
1s defined as the insulation layer 2. The insulation layer 2
typically has a thickness of 5 to 15 um.
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Subsequently, as shown 1n FIG. 2(b), the electric circuit 3
including the mount pads 3a 1s formed in a predetermined
pattern on a surface of the insulation layer 2. The formation of
the electric circuit 3 1s achieved in the following manner.
First, a metal layer (having a thickness of about 600 to about
2600 A) is formed over the surface of the insulation layer 2
(facing up during the formation of the electric circuit 3) by
sputtering, electrolytic plating or the like. The metal layer
serves as a seed layer for the subsequent electrolytic plating
(or a base layer for formation of an electrolytic plating layer).
In turn, dry resist films are applied onto opposite surfaces of
the resulting layered structure including the stainless steel
substrate 1, the insulation layer 2 and the metal layer (seed
layer), and then a slit 1s formed 1n a pattern conformal to the
pattern of the electric circuit 3 in one of the dry resist films
applied on the side of the metal layer by the photolithography
method. Thus, a surface portion of the metal layer 1s exposed
in the bottom of the slit. Then, the electrolytic plating layer 1s
tormed (as having a thickness of about 5 to about 20 um) on
the surface portion of the metal layer exposed in the bottom of
the slit. In turn, the dry resist films are removed with the use
of a sodium hydroxide aqueous solution or the like. Thereat-
ter, a portion of the metal layer not formed with the electro-
lytic plating layer 1s removed by soft etching. The resulting
layered structure including the electrolytic plating layer and a
portion of the metal layer underlying the electrolytic plating,
layer 1s defined as the electric circuit 3.

Then, as shown 1n FIG. 2(c¢), the through-holes 4 for the
visual detection of the alignment marks A and the through-
holes 5 for the light transmission are formed at predetermined
positions 1n the stainless steel substrate 1. The alignment
mark visual detection through-holes 4 are formed at positions
(two positions) 1n association with the alignment marks A to
be formed 1n the vicimity of the opposite ends of the core 7 in
the subsequent optical waveguide fabricating step, while the
light transmission through-holes 35 are formed at positions
(two positions) 1n association with the opposite ends of the
core 7. The formation of the through-holes 4, 5 1s achieved 1n
the following manner. First, dry resist films are applied on
opposite surfaces of the resulting layered structure including
the stainless steel substrate 1, the insulation layer 2 and the
clectric circuit 3, and holes are formed 1n the pattern of the
through-holes 4, 5 1n one of the dry resist films by the photo-
lithography method, whereby portions of the surface of the
stainless steel substrate 1 are exposed 1n the bottoms of the
holes. Then, the portions of the stainless steel substrate 1
exposed 1n the bottoms of the holes are etched away with a
terric chloride aqueous solution. Thus, the through-holes 4
for the visual detection of the alignment marks A and the
through-holes 5 for the light transmission are formed. The
alignment mark visual detection through-holes 4 typically
cach have a diameter of 0.1 to 3.0 mm, while the light trans-
mission through-holes 5 typically each have a diameter of
0.05 to 0.2 mm. However, the diameters of the through-holes
4, 5 depend upon the sizes of the alignment marks A, the
design of the light emitting element 11 and the like and,
therefore, are not necessarily required to fall within the afore-
mentioned ranges. Thus, the electric circuit board producing
step (1) 1s completed.

The optical waveguide fabricating step (2) subsequent to
the electric circuit board producing step (1) will be described.
In this embodiment, as shown 1n FIG. 3(a), the under-clad-
ding layer 6 1s formed 1n a predetermined pattern on a prede-
termined portion of the front surface of the stainless steel
substrate 1 by the photolithography method. The formation of
the under-cladding layer 6 1s achieved in the following man-
ner. First, a varmish prepared by dissolving a photosensitive

5

10

15

20

25

30

35

40

45

50

55

60

65

6

resin such as a photosensitive polyimide resin or a photosen-
sitive epoxy resin as a material for the under-cladding layer 6
in a solvent 1s applied on the predetermined portion of the
front surface of the stainless steel substrate 1 and, as required,
heat-treated (at 50° C. to 120° C. for about 10 to about 30
minutes) to be dried. Thus, a photosensitive resin layer for the
formation of the under-cladding layer 6 1s formed. In turn, the
photosensitive resin layer 1s exposed to radiation via a pho-
tomask having an opening pattern conformal to the pattern of
the under-cladding layer 6. Then, a development process 1s
performed with the use of a developing solution, whereby an
unexposed portion of the photosensitive resin layer 1s dis-
solved away. A remaining portion of the photosensitive resin
layer has the pattern of the under-cladding layer 6. Thereatter,
the developing solution 1s removed from the remaining pho-
tosensitive resin layer portion by a heat treatment. Thus, the
remaining photosensitive resin layer portion 1s defined as the

under-cladding layer 6. The under-cladding layer 6 typically
has a thickness of 5 to 50 um.

Then, as shown 1 FIGS. 3(b) and 3(c¢), the core 7 and the
optical element positioming alignment marks A are simulta-
neously formed in a predetermined pattern on a predeter-
mined portion of a surface of the under-cladding layer 6 from
a photosensitive resin layer 7A having a core formation
region and alignment mark formation regions by a single
photolithography process. This 1s one feature of the present
invention. In the present invention, the optical element posi-
tioning alignment marks A are formed simultaneously with
the core 7 as described above, whereby the light emitting
clement 11 and the light receiving element 12 can be mounted
at proper positions with respect to the core 7 of the optical
waveguide W with reference to the alignment marks A 1n the
subsequent step (4) of mounting the optlcal clements (the
light emitting element 11 and the light receiving element 12).

In this embodiment, the alignment marks A are respec-
tively formed 1n the vicinity of the opposite ends of the core 7.
More specifically, the formation of the core 7 and the align-
ment marks A 1s achieved 1n the following manner. First, as
shown 1n FIG. 3(b), a varnish prepared by dissolving a pho-
tosensitive resin as a material for the core 7 and the alignment
marks A 1n a solvent 1s applied on the predetermined portion
of the surface of the under-cladding layer 6 and, as required,
heat-treated (at 50° C. to 120° C. for about 10 to about 30
minutes) to be dried. Thus, a photosensitive resin layer 7A for
the formation of the core 7 and the alignment marks A 1s
formed. In turn, the photosensitive resin layer 1s exposed to
radiation R via a photomask M having an opening pattern
conformal to the pattern of the core 7 and the alignment marks
A, and then a development process and a heat treatment are
performed as 1n the formation of the under-cladding layer 6.
Thus, as shown 1n FIG. 3(c), the core 7 and the alignment
marks A are formed in the predetermined pattern by the
photolithography method. In this embodiment, the alignment
marks A are positioned above the alignment mark visual
detection through-holes 4, and the opposite ends of the core
are positioned above the light transmission through-holes 5.
The core 7 typically has a thickness o1 5 to 60 um and a width
of 5 to 60 um. The alignment marks A typically each have a
cross shape as seen 1n plan, a thickness of 5 to 60 um, a cross
line width of 0.02 to 0.2 mm, a cross length of 0.2 to 1.0 mm,
and a cross width 010.2 to 1.0 mm. Examples of the material
for the core 7 and the alignment marks A include the photo-
sensitive resins described for the under-cladding layer 6. The
material for the core 7 and the alignment marks A has a
greater refractive index than the material for the under-clad-
ding layer 6 and a material for the over-cladding layer 8 to be
described later. The refractive index may be adjusted, for
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example, by selection of the types of the materials for the
under-cladding layer 6, the core 7 (including the alignment
marks A) and the over-cladding layer 8 and adjustment of the
composition ratio thereof.

Subsequently, as shown 1n FIG. 3(d), the over-cladding
layer 8 1s formed 1n a predetermined pattern on a surface of the
under-cladding layer 6 as covering the core 7 and the align-
ment marks A. The formation of the over-cladding layer 8 1s
achieved in the following manner. First, a varnish prepared by
dissolving a photosensitive resin as a material for the over-
cladding layer 8 1n a solvent 1s applied over the core 7 and, as
required, heat-treated (at 50° C. to 120° C. for about 10 to
about 30 minutes) to be dried. Thus, a photosensitive resin
layer for the formation of the over-cladding layer 8 1s formed.
In turn, the over-cladding layer 8 1s formed 1n the predeter-
mined pattern from the photosensitive resin layer by the pho-
tolithography method employing a photomask having an
opening pattern conformal to the pattern of the over-cladding
layer 8. The over-cladding layer 8 typically has a thickness of
10to 2000 um. Examples of the material for the over-cladding
layer 8 include the photosensitive reins described for the
under-cladding layer 6. Thus, the optical waveguide fabricat-
ing step (2) 1s completed.

The light retlection portion forming step (3) subsequent to
the optical waveguide fabricating step (2) will be described.
For formation of the light reflecting portions 7a, as shown 1n
FIG. 4, the opposite end portions of the optical waveguide W
including the opposite ends of the core 7 are cut by laser
processing or with the use of a rotary blade having a cutting
edge angle of 45 degrees to be thereby formed waith the tilt
surfaces tilted at 45 degrees with respect to the stainless steel
substrate 1. Portions of the core 7 present in the tilt surfaces
are defined as the light reflection portions (light path detlec-
tion mirrors) 7a. Light impinging on the light reflection por-
tions 7a 1s mostly retlected on the light retlection portions 7a,
because the core 7 has a refractive index that 1s greater than
the refractive index of air present around the light reflection
portions 7a. Since the optical waveguide W has the tilt sur-
faces at its opposite end portions, the triple-layered structures
X each having the alignment mark A as its intermediate layer
are provided at the opposite ends of the optical waveguide W.
Thus, the light reflection portion forming step (3) 1s com-
pleted.

The optical element mounting step (4) subsequent to the
light reflection portion forming step (3) will be described. The
optical elements (the light emitting element 11 and the light
receiving element 12) are mounted 1n the following manner.
The resulting intermediate product formed with the light
reflection portions 7a 1s set on a stage ol a mounting machine
with 1ts electric circuit 3 facing up. One of the alignment
marks A (e.g., the left alignment mark A) 1s visually detected
(read) through the under-cladding layer 6 and the correspond-
ing alignment mark visual detection through-hole 4 by an
image detecting device provided in the mounting machine.
Thus, the mounting machine computes the position of the
light reflection portion 7a at the one end of the core 7 adjacent
to the one alignment mark A with reference to the one align-
ment mark A. Then, as shown 1n FIG. 1, one of the optical
clements (e.g., the light emitting element 11) 1s mounted on
the corresponding mount pad 3a to cover a lower portion of
the corresponding light transmission through-hole 5 with its
optical axis being aligned with the computed position of the
light reflection portion 7a. Similarly, the other alignment
mark A (e.g., the nght alignment mark A) 1s used as a posi-
tioming reference for mounting the other optical element (e.g.,
the light receiving element 12). An example of the light emait-
ting element 11 1s a VCSEL (vertical cavity surface emitting,
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laser), and an example of the light recerving element 12 1s a
PD (photodiode). Another feature of the present invention 1s
that the light emitting element 11 and the light recerving
clement 12 are mounted at the predetermined positions with
reference to the alignment marks A. In FIG. 1, a reference
character 11a denotes electrodes (bumps) of the light emut-
ting element 11, and a reference character 12a denotes elec-
trodes (bumps) of the light receiving element 12.

The mounting of the light emitting element 11 and the light
receiving element 12 1s achieved by a thp-chip method, a
solder reflow method, a C4 bonding method employing sol-
der bumps and screen-printing of a solder paste, or the like.
Particularly, a flip-chip method utilizing ultrasonic waves or
heating 1s preferred, because the positional offset during the
mounting can be reduced. A flip-chip method utilizing ultra-
sonic waves 1s more preferred, because thermal damage on
the stainless steel substrate 1 can be prevented. Thus, the
optical element mounting step (4) 1s completed to provide the
intended opto-electric hybrid board.

In the mventive opto-electric hybrid board manufacturing
method, the photosensitive resin layer 7A as the matenal for
the core 7 (see FIG. 3(b)) 1s formed on the surface of the
clectric circuit board E, and the alignment mark formation
regions are defined in the photosensitive resin layer 7A. Then,
the core 7 and the alignment marks A for the positioning of the
light emitting element 11 and the light receiving element 12
are simultaneously formed from the photosensitive resin
layer 7A by the single photolithography process. In turn, the
light emitting element 11 and the light receiving element 12
are mounted at the predetermined positions with reference to
the alignment marks A. This improves the alignment accuracy
of the light emitting element 11 and the light receiving ele-
ment 12 with respect to the core 7 of the optical waveguide W.
As a result, light coupling losses occurring between the light
reflection portions 7a provided at the opposite ends of the
core 7 and the light emitting and recerving elements 11, 12 are
minimized 1n the opto-electric hybrid board thus produced.

In the embodiment described above, the substrate 1 i1s
composed of stainless steel and, hence, 1s excellent 1n thermal
clongation resistance. Therefore, the positional relationship
between the alignment mark visual detection through-holes 4
and the light transmission through-holes 5 formed 1n the
stainless steel substrate 1, and the dimensions of the optical
waveguide W fabricated on the stainless steel substrate 1 are
generally maintained as designed. That 1s, the stainless steel
substrate 1 1s advantageous for improving the accuracy in
aligning the light emitting element 11 and the light receiving
clement 12 with respect to the light reflection portions 7a
provided at the opposite ends of the core 7 with reference to
the alignment marks A.

A substrate composed of other metal material or a resin
material may be used instead of the stainless steel substrate 1.
Where the substrate 1 1s insulative, the electric circuit 3 may
be formed directly on the substrate 1 without the formation of
the 1insulation layer 2. The 1nsulation layer 2 1s employed for
preventing a short circuit between the electric circuit 3 and the
clectrically conductive substrate 1 such as the aforemen-
tioned metal substrate 1.

In the embodiment described above, the under-cladding
layer 6 1s formed, but the core 7 and the alignment marks A
may be formed directly on the surface of the substrate 1 such
as the stainless steel substrate 1 without the formation of the
under-cladding layer 6.

FIG. 5 shows an opto-electric hybrid board manufacturing,
method according to a second embodiment of the present
invention. In this embodiment, the step of forming metal films
9 on the tilt surfaces at the opposite end portions of the optical
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waveguide W by plating or vapor deposition 1s added to the
manufacturing method of the first embodiment. In an opto-
clectric hybrid board produced by this method, outer surfaces
of the light reflection portions 7a are respectively covered
with the metal films 9, so that the light reflection portions 7a
cach have a higher light reflectivity. This increases the light
transmission eificiency. The second embodiment is arranged
in substantially the same manner as the first embodiment
except for the atorementioned point, and like components
will be denoted by like reference characters.

The formation of the metal films 9 1s achieved by plating or
vapor deposition with a portion of the opto-electric hybrid
board except for the tilt surfaces at the opposite end portions
of the optical waveguide W being masked with a resist layer
(with only the tilt surfaces being exposed). Thereafter, the
resist layer 1s removed. The metal films 9 each have a thick-
ness of, for example, 50 nm to 5 um. Exemplary matenials for
the metal films 9 include nickel, copper, silver, gold, chro-
mium, aluminum, zinc, tin, cobalt, tungsten, platinum, palla-
dium, and alloys containing two or more of these elements.

The formation of the metal layers 9 precedes the mounting of
the light emitting element 11 and the light receiving element
12.

Next, an inventive example will be described. However, it
should be understood that the present invention be not limited
to the example.

Example

Production of Electric Circuit Board

An 1nsulation layer of a photosensitive polyimide resin
(having a thickness of 10 um) was formed in a predetermined
pattern on one surface of a stainless steel substrate (a SUS304
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fo1l having a thickness of 20 um) by the photolithography
method. In turn, a seed layer of a copper/nickel/chromium
alloy was formed on a surface of the isulation layer by
sputtering. After dry resist films were applied on opposite
surfaces of the resulting layered structure including the stain-
less steel substrate, the insulation layer and the seed layer, a
slit conformal to the pattern of an electric circuit including
mount pads was formed 1n one of the dry resist films on the
side of the seed layer by the photolithography method. Thus,
a surface portion of the seed layer was exposed in the bottom
of the slit. Then, an electrolytic plating layer (having a thick-
ness of 20 um) was formed on the surface portion of the seed
layer exposed in the bottom of the slit by electrolytic plating.
In turn, the dry resist films were removed with the use of a

sodium hydroxide aqueous solution. Thereatter, a portion of
the seed layer not formed with the electrolytic plating layer

55

60

65

10

was removed by soit etching. The resulting layered structure
including the electrolytic plating layer and a portion of the
seed layer underlying the electrolytic plating layer was
defined as the electric circuit. Further, dry resist films were
applied on opposite surfaces of the resulting layered structure
including the stainless steel substrate, the insulation layer and
the electric circuit, and then holes conformal to the pattern of
alignment mark visual detection through-holes and light
transmission through-holes were formed 1n one of the dry
resist films by the photolithography method, whereby por-
tions of the surface of the stainless steel substrate were
exposed 1n the bottoms of the holes. Then, the portions of the
stainless steel substrate exposed in the bottoms of the holes
were etched away with the use of a ferric chloride aqueous
solution. Thus, the two alignment mark visual detection
through-holes and the two light transmission through-holes
were formed 1n the stainless steel substrate. Thereafter, gold/
nickel alloy plating layers were formed on surfaces of the
mount pads.
Under-Cladding Layer Material and Over-Cladding Layer
Material

An under-cladding layer material and an over-cladding
layer material were prepared by mixing 35 parts by weight of
bisphenoxyethanolfluorene glycidyl ether (Component A)
represented by the following general formula (1), 40 parts by
weight of 3'.4'-epoxycyclohexylmethyl-3,4-epoxycyclohex-
ane carboxylate which 1s an alicyclic epoxy resin(CELLOX-
IDE 2021P manufactured by Daicel Chemical Industries,
Ltd.) (Component B), 25 parts by weight of (3',4'-epoxycy-
clohexane)methyl-3',4'-epoxycyclohexyl-carboxylate (CEL-
LOXIDE 2081 manufactured by Daicel Chemical Industries,
Ltd.) (Component C), and 2 parts by weight of a 50% propi-
one carbonate solution of 4,4'-bis[di(3-hydroxyethoxy)phe-
nylsulfimo]phenylsulfide bishexatluoroantimonate (Compo-
nent D).

(1)
R O

|
O—(CHECHO)H—CHEA

R, R4

OO

wherein R, to R are hydrogen atoms, and n=1.
Core Material

A core material was prepared by dissolving 70 parts by
weight of Component A, 30 parts by weight of 1,3,3-tr1s
{4-[2-(3-oxetanyl)]butoxyphenyl }butane and 1 part by
weight of Component D in ethyl lactate.
Fabrication of Optical Waveguide

The under-cladding layer material was applied on the other
surface (a surface opposite from the electric circuit) of the
stainless steel substrate to form a coating layer. Thereatter, the
entire surface of the coating layer was exposed to radiation at
a cumulative dose of 1000 mJ/cm” (based on an i-line stan-
dard) with the use of an ultra-high-pressure mercury-vapor
lamp. Thus, the coating layer was cured. In turn, the coating

layer was baked (heat-treated) at 120° C. for 15 minutes for
dissipation of a generated acid, whereby a reaction was com-
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pleted. In this manner, an under-cladding layer (having a
thickness of 10 um) was formed.

After the core material was applied on a surface of the
under-cladding layer, the resulting layer was baked at 70° C.
for 5 minutes for evaporation of the solvent. Thus, a photo-
sensitive resin layer for formation of a core was formed. In
turn, a photomask having an opening pattern conformal to the
pattern of the core and alignment marks to be formed was
positioned above the photosensitive resin layer so as to align
the alignment marks with the alignment mark visual detection
through-holes and align end portions of the core with the light
transmission through-holes. Then, the photosensitive resin
layer was exposed to radiation at a cumulative dose of 2000
mJ/cm® (based on an i-line standard) via the photomask.
Thus, exposed portions of the photosensitive resin layer were
cured. In turn, the photosensitive resin layer was baked (heat-
treated) at 120° C. for 15 minutes for dissipation of a gener-
ated acid, whereby a reaction was completed. Subsequently,
an unexposed portion of the photosensitive resin layer was
dissolved away by rinsing (developing) with a y-butyrolac-
tone aqueous solution (developing solution). Thereatter, the
exposed photosensitive resin layer portions were baked at
120° C. for 15 minutes. Thus, the core (having a width of 50
um and a height of 50 um) and cross-shaped alignment marks
(having a cross line width of 0.05 mm, a cross length of 0.5
mm, a cross width of 0.5 mm and a height of 50 um) were
formed.

Subsequently, the over-cladding layer material was applied
on the resulting substrate as covering the core to form a
coating layer. Thereafter, the entire surface of the coating
layer was exposed to radiation at a cumulative dose of 1000
mJ/cm” (based on an i-line standard) with the use of an ultra-
high-pressure mercury-vapor lamp. Thus, the coating layer
was cured. In turn, the coating layer was baked (heat-treated)
at 120° C. for 15 minutes for dissipation of a generated acid,
whereby a reaction was completed. In this manner, an over-
cladding layer was formed. Thus, an optical waveguide (hav-
ing a total thickness of 75 um) was fabricated on the surface
of the stainless steel substrate opposite from the electric cir-
cuit.

Formation of Light Retlection Portions

Opposite end portions of the optical waveguide disposed in
association with the light transmission through-holes were
cut by laser processing with an excimer laser (ata wavelength
of 248 nm from a KrF light source) to be thereby formed with
t1lt surfaces tilted at 45 degrees with respect to the stainless
steel substrate. Thereafter, the resulting product was ultra-
sonically cleaned in ethanol. Portions of the core present 1n
the talt surfaces were defined as light retlection portions.
Mounting of Light Emitting Flement and Light Receiving
Element

The resulting intermediate product formed with the light
reflection portions was set on a stage ol a mounting machine
with 1ts electric circuit facing up. Then, the alignment marks
formed on the stainless steel substrate were visually detected
through the alignment mark visual detection through-holes
by an i1mage detecting device provided in the mounting
machine and, 1n this state, a light emitting element and a light
receiving element were mounted to cover the light transmis-
s1on through-holes with the optical axes of the light emitting
clement and the light receving element being aligned with
the positions of the light reflection portions of the core com-
puted with reference to the alignment marks. Thus, the opto-
clectric hybrid board was produced.

Although a specific form of embodiment of the instant
invention has been described above and illustrated in the
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accompanying drawings in order to be more clearly under-
stood, the above description 1s made by way of example and
not as a limitation to the scope of the mnstant invention. It 1s
contemplated that various modifications apparent to one of
ordinary skill in the art could be made without departing from
the scope of the mvention which 1s to be determined by the
tollowing claims.

What 1s claimed 1s:

1. An opto-electric hybrid board manufacturing method
comprising the steps of:

preparing an electric circuit board;

fabricating an optical waveguide by forming an optical

waveguide formation photosensitive resin layer on a
surface opposite from a circuit formation surface of the
clectric circuit board and patterning a core formation
region of the photosensitive resin layer by a photolithog-
raphy method to form a core having a predetermined
pattern;

mounting an optical element on a part of the circuit forma-

tion surface of the electric circuit board 1 association
with an end of the optical waveguide;
forming a reflection portion on an end portion of the core
located at the end of the optical waveguide, the reflection
portion serving to reflect a light beam to permat light
transmission between the core and the optical element;
and
forming a passage 1n the electric circuit board for the light
transmission between the core and the optical element;

wherein a photosensitive resin layer including an align-
ment mark formation region in addition to the core for-
mation region 1s used as the photosensitive resin layer,
and the alignment mark formation region 1s patterned by
the photolithography method to form an alignment mark
having a predetermined pattern simultaneously with the
formation of the core in the optical waveguide fabricat-
ing step;

wherein the optical element 1s mounted at a predetermined

position with reference to the alignment mark 1n the
optical element mounting step.

2. An opto-¢electric hybrid board manufacturing method as
set forth 1n claim 1, wherein the optical element 1s a light
emitting element which emaits light toward the end portion of
the core, and the reflection portion reflects the light emitted
from the light emitting element.

3. An opto-electric hybrid board manufacturing method as
set forth 1n claim 1, wherein the optical element 1s a light
receiving element which receives light from the end portion
ol the core and the reflection portion reflects light from 1nside
of the core.

4. An opto-electric hybrid board manufacturing method as
set forth 1n claim 1, wherein the alignment mark serves as a
reference mark which 1s visible through an alignment mark
visual detection through-hole formed 1n the electric circuit
board 1n the optical element mounting step.

5. An opto-electric hybrid board manufacturing method as
set forth 1n claim 4, wherein the optical element 1s a light
emitting element which emaits light toward the end portion of
the core, and the reflection portion reflects the light emitted
from the light emitting element.

6. An opto-electric hybrid board manufacturing method as
set forth 1n claim 4, wherein the optical element 1s a light
receiving element which receives light from the end portion
ol the core and the reflection portion reflects light from 1nside
of the core.
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